Consumers are becoming more aware of the toxicological implications of artificial additives in foods. Natural antioxidants, in addition to reducing the deleterious effects of lipid oxidation, are currently extremely highly valued. This study aimed to invetigate the effect of addition of sun mushroom (Agaricus blazei Murrill) powder on the oxidative and microbiological stability of pork sausage during the shelf life. This powder was used at concentrations of 0.0%, 1.0%, 2.0% and 4.0% in the sausages. Analyses of moisture, protein, ash, fat and microbiological analyses were performed on day 0. The sausages were analyzed on day 0 and every seven days in terms of pH, color, TBARS values and microbiological analyses. The results of the proximal composition and microbiological analysis for coagulase positive Staphylococcus, coliforms at 35 ºC and 45 ºC, Salmonella sp and sulfite-reducing Clostridium were consistent with those required by Brazilian legislation. The color of the products was of a decreased redness At the end of the storage period, on the 35th day, the TBARS values for the sausage with 4.0% powder was 0.509±0.12 mg MDA/ kg sample and for the control was 1.131±0.12 mg MDA/kg sample. The sun mushroom powder had no effect on microbiological stability. It is concluded that sun mushroom was effective in terms of the oxidative stability of pork sausage when added in powdered form at concentrations of 1.0%, 2.0% and 4.0%.
INTRODUCTION
Fresh sausage is the main industrialized meat product derived from pork that is consumed in Brazil, although its identity standard in Brazil is still underdeveloped (Oliveira; Araújo; Borgo, 2005) . This type of fresh sausage should have no more than 70% moisture, a maximum of 30% fat and at least 12% protein (Brasil, 2000) .
From a nutritional standpoint, sausage is an important source of protein, with a high biological value. However, sausages also have some technical limitations as a result of their lipid content, which is of animal origin (Gök; Akkaya; Obuz, 2008) .
Ciênc. Agrotec., Lavras, v. 39, n. 4, p. 381-389, jul./ago., 2015 Lipid oxidation can cause damage to the sensory properties of food because lipids contribute to the perception of taste, texture and juiciness of products (Saggiorato et al., 2012) . Lipid decomposition is capable of producing offensive odors and flavors (Georgantelis et al., 2007) , as well as the destruction of essential constituents and the formation of toxic compounds during processing that may present a risk to consumer health (Dejong; Lanari, 2009) .
Consequently, various artificial additives have been added to products to prevent unwanted reactions connected with lipid oxidation, designed to increase the shelf life of meat products. However, consumers are becoming more aware of the toxicological implications of artificial additives (Georgantelis et al., 2007) . In high doses, some of these compounds may exert carcinogenic and/or mutagenic effects (Fellenberg; Speisky, 2006) . Natural antioxidants, in addition to reducing the deleterious effects of lipid oxidation, are currently extremely highly valued. The potential antioxidant effect of various natural compounds, including ascorbic acid, tocopherols, carotenoids and other phenolic compounds has been reported, which have all been evaluated in food matrices, including meat products (Capitani et al., 2009) .
Brazil is the world's largest producer of sun mushrooms (Agaricus blazei Murrill), which is a native species, with favorable climatic conditions in Brazil for its cultivation (Tomizawa, et al., 2007) . Some edible mushrooms, including sun mushroom, have important therapeutic properties and have been traditionally used in oriental medicine (Taveira; Novaes, 2007) .
It has been scientifically proven that sun mushroom (Agaricus blazei Murrill) may represent a viable and economical source of antioxidants in the diet because they have a very effective in vitro antioxidant effect (Soares et al., 2009) . In this context, and taking into account the growing demand for foods with added natural compounds, the antioxidant and antimicrobial evaluation of sun mushroom powder in pork sausage is an important area of research.
Thus, the objective of this study was to determine the effect of the addition of sun mushroom (Agaricus blazei Murrill) powder on the oxidative and microbiological stability of fresh pork sausage during the shelf life of the product.
MATERIAL AND METHODS
The samples of sun mushroom used in this study were provided by a commercial firm located in the city of Santa Maria (RS-Brazil) in the form of pre-dried immature fruiting bodies. The samples were ground in a refrigerated analytical mill (4 °C) (Quimis, model Q 298A21, Diadema, Brazil) and placed in closed containers, protected from light and in a freezer (-12 °C) until ready to be used.
The raw materials and ingredients that were used were purchased from outlets located in Santa Maria (RSBrazil). The preparation of the pork sausages took into account the requirements set out by legislation (Brasil, 2000) and procedures described by Terra and Brum (1998) . Initially, the pork and pork fat were ground in a grinder (Jamar PJ22, Jamar Ltda, São Paulo, Brazil). In the next step, the meat mixture was placed in the mixing machine (JEM Jamar 35) and the other ingredients were added and mixed to obtain a bind.
The meat mixture was then divided into four lots of 5 kg, into which were added the pre-defined concentrations of sun mushroom powder (SP), which yielded four treatments: treatment 1 (0.0% SP) -sausage without added SP; treatment 2 (1.0% SP) -sausage with 1.0% added SP; treatment 3 (2.0% SP) -sausage with 2.0% added SP; treatment 4 (4.0% SP) -sausage with 4.0% added SP.
After, the meat mixtures were packed into pig casing. For storage, the sausages were packed in polystyrene trays, wrapped with plastic wrap, identified and immediately taken to a BOD oven (ELETROLAB, model EL 101, São Paulo, Brazil) and stored at 4 °C.
Moisture analysis was performed in an oven at 105 ºC, ash analysis was performed in an oven at 550 ºC, and protein was assessed by the Kjeldahl method according to the methodology described by the Association of Official Analytical Chemists (Association Of Official Analytical Chemists-AOAC, 2005). The analysis of fat was performed according to the (Instituto Adolfo Lutz-IAL, 2008) , using the butyrometer method.
The measurement of pH was performed on days 0, 7, 14, 21, 28 and 35 of manufacture. The pH was determined in the homogenate (DIGIMED, model DM-23DC-pH meter, São Paulo, Brazil), with readings in triplicate (Terra; Brum, 1988) .
Color determination was evaluated by the CIELAB system, using a CR-300 chroma meter (MINOLTA, Osaka, Japan) on days 0, 7, 14, 21, 28 and 35 of storage. The results were expressed as L* (representing the percentage of brightness), a* (where: it -a* represents direction towards green and +a* toward represents direction towards red), b* (where: -b* represents direction towards blue and +b* represents direction towards yellow), C* (saturation index) and h* (hue angle). The sausage casing was removed and the mass was homogenized and then distributed in Petri dish. The reading was performed at random on surface of the plate. The mean value of five readings for each treatment was obtained. Each reading the mass of sausage was mixed and homogenized again.
The assessment of lipid oxidation of the pork sausages was conducted by the thiobarbituric acid reactive substances (TBARS) test, according to Raharjo, Sofos and Scmidt (1992) . The TBARS values were determined in quintuplicate for each sample on days 0, 7, 14, 21, 28 and 35, and the results were expressed as mg malonaldehyde per kg of sample.
The microbiological analysis was performed on days 0, 7, 14, 21, 28 and 35 of storage at 4 °C for mesophilic and psychrotrophic microorganisms, while the microbiological analyses of coliforms at 35 ºC, coliforms at 45 ºC, Staphylococcus coagulase positive, Salmonella sp, and sulphite-reducing Clostridium were performed only on day 0 of storage. All of these analyses were conducted in quadruplicate (American Public Health Association-APHA, 2001; Brasil, 2003) .
The results were statistically analyzed by one-way analysis of variance (ANOVA) and comparison of means test (Tukey), using a significance level of 5%. The analyses were performed using SPSS 17.0 statistical software.
RESULTS AND DISCUSSION
The results for the proximal composition of the pork sausages with added sun mushroom (Agaricus blazei Murrill) powder showed that the products conformed to the identity and quality of product standard (Brasil, 2000) (Table 1) . It can be seen that there were differences (p<0.05) in the percentages of moisture and protein between the treatments. In contrast, the values of ash and fat did not differ (p>0.05).
It can also be seen that the addition of sun mushroom powder influenced the moisture values between the treatments, so that the pork sausage without added powder (0% SP) showed higher moisture values (p<0.05) in relation to the other formulations, demonstrating that the addition of sun mushroom powder in the different tested concentrations was able to reduce moisture values.
In relation to protein content, the addition of sun mushroom powder increased protein values in proportion to the level of added powder in the treatments. The high percentage of protein in this type of mushroom has been reported by Agahar-Murukar and Subbulakshmi (2005) .
The results of the effect of the addition of sun mushroom (Agaricus blazei Murril) powder on the pH of the pork sausages during storage at 4 °C (Table 2) showed that globally the pH decreased (p<0.05) during storage. At the start of the testing the pH showed no statistical difference (p>0.05) between the control and the other treatments. However, from day 21, the pH was lower (p<0.05) in the control sample. This can be partially attributed to the high pH of the sun mushroom powder (6.62±0.04).
The decrease in pH over the storage days was also reported by Joseph et al. (2012) in chilled meat product added tomato compounds, and in treatments with added pure tomato 10% and lyophilized tomato 6% was observed, respectively, a significant reduction attributed to pH inherent differences pH tomato products added.
The TBARS test quantifies malondialdehyde, which one of the major products of the decomposition of the hydroperoxides of polyunsaturated fatty acids formed during the oxidation process. The TBARS values increased (p<0.05) during storage for all the treatments, demonstrating the development of lipid oxidation (Table 3) .
However, there were significant differences (p<0.05) between the control and the other treatments and it was noted that that over the period of storage, the treatment with 4% added sun mushroom powder had a lower TBARS value (p<0.05) than the control and treatments 1% (SP) and 2% (SP). Ciênc. Agrotec., Lavras, v. 39, n. 4, p. 381-389, jul./ago., 2015 Ahmad and Srivastava (2007) reported that in the range of TBARS values between 0.5 and 1.0 mg MDA/kg of meat samples, it was not possible to detect rancid odors. However, TBARS values between 1 and 2 mg MDA/kg in a sample sensorially denote lipid oxidation. The TBARS values found for the pork sausage in the present study showed that only the treatment without the addition of sun mushroom powder, on the 35th day of storage, showed a value higher than 1 mg MDA/kg of sample (1.131±0.12 mg MDA/kg of sample). Kim, Cho and Han (2013) reported TBARS values for a bovine fresh sausage added plant extract of Chamnamul green leaf (a plant typical of East Asia). These results demonstrate that the addition of phenolic compounds from plant sources is able to protect meat products against damage from lipid oxidation, provided that they are at a suitable concentration.
Oxidative processes are associated with the discoloration of these products because lipid oxidation results in the formation of pro-oxidants that are capable of reacting with oxymyoglobin, leading to the formation of metmyoglobin; this change contributes to the development changes in color (Georgantelis et al., 2007) .
The L* (lightness) values of the pork sausages varied (p<0.05) between treatments and days of storage (Table 4) . From 0 days to the 35th day of storage the L* value was lower (p<0.05) in the treatments with added sun mushroom powder. The most pronounced difference was between the control and the treatment with 4% added SP. These results indicate that the pork sausages with different added concentrations of sun mushroom powder become darker than the control, given that L* values range from black (0%) to white (100%) (Comission Internationale de I'Eclairage-CIE 1986; Ramos; Gomide, 2007). Joseph et al. (2012) also reported a decrease in the L* value in refrigerated meat products with added tomato compounds, when compared to control. Similar observations were also reported in pork sausage stored under refrigeration with the addition of extracts of curry leaves and mint (Biswas, Chatli; Sahoo, 2012) and it is possible to confirm that plant extracts incorporated into meat products are able to change the color of the product (Kim, Cho and Han, 2013) .
Ciênc. Agrotec., Lavras, v. 39, n. 4, p. 381-389, jul./ago., 2015 The a* value is the most sensitive parameter in the characterization of red color and in the identification of the oxidative stability of meat products (Ramos; Gomide, 2007) . As for the color of the sausage in the present study, there was a decrease (p<0.05) in the a* parameter during storage, i.e. the intensity of red coloring decreased during this period, regardless of the evaluated treatment (Table 4) . This reduction of a* values in all the treatments was possibly related to the development of lipid oxidation (Shan et al., 2009) .
It is also noteworthy that over the period of storage of the pork sausages, the control treatment had a greater a* value (p<0.05) than the other treatments with added sun mushroom powder (Table 4) , demonstrating a greater intensity of red coloring compared to the other treatments, which was due to the yellowish pigmentation which is characteristic of the incorporated mushroom.
On the other hand, the b* value (yellowness) was unchanged (p>0.05) in the treatment without added sun mushroom powder (0% SP). There were small oscillations in the other treatments with added sun mushroom powder (1%, 2% and 4% SP) over the period of storage.
However, the control had lower b* values (p<0.05) compared to the other treatments, which showed an increase in these values that was dependent on the increased level of concentration of added sun mushroom powder (Table 4 ). This behavior of the yellowness can be understood as being related to the likelihood that the sun mushroom powder was able to change the color of the studied meat products, due to their yellowish pigmentation (Kim, Cho and Han, 2013) .
The hue angle (h*) is the quantity associated with the wavelengths of the visible spectrum; it represents the quality of colors and allows them to be differentiated (Ramos; Gomide, 2007) . The chroma (C *) value expresses the intensity, i.e. the saturation in terms of these pigments (a* and b*). Chroma values near zero represent neutral colors (grays), while values close to 60 express vivid colors (Mendonça et al., 2003) .
It was noted that the h* value of the control treatment was lower (p<0.05) than other treatments with added sun mushroom powder, with the biggest difference shown in the treatment with 4% added SP during the storage period; this was due to the higher concentration of sun mushroom, which interferes with the quality of the color. In general, the treatments had C* values between 17.16 to 24.10 throughout the storage period. Venturini et al. (2011) evaluated the color uncured fresh chicken sausage with reduced fat content and obtained C* values (11.75 to 18.98) lower than those found in this study. Similarly, the C* values presented for pig shank around 9.0 (Melo et al., 2014) .
The microbiological stability of the different treatments of pork sausage, during the storage period of 35 days at 4 °C, was based on counts of aerobic mesophilic and psychrotrophic microorganisms (Table 5) , which can be used to indicate the health quality and the safety of meat products; this provides an estimate of the overall population of microorganisms present over a wide temperature range.
According to the results, the microbial population of aerobic mesophilic in the pork sausages showed no difference (p>0.05) with the addition of sun mushroom powder in relation to the values obtained on days 0, 7 and 21 of storage (Table 5) . Considering these values until the 21st day of storage, all the treatments showed counts of aerobic mesophilic microorganisms lower than 6.0 log CFU/g and remained within the acceptable limit of microbial contamination (Terra, 1998) . However, from the 28th day of storage the product visibly changed, with the development of external molds and yeasts.
Fresh sausages are greatly exposed to contamination and represent an excellent medium for the multiplication of microorganisms (Milani et al., 2003) , which results in reduced shelf life (Paula et al., 2011) . These results corroborate those found in the present study, where the pork sausages were within the acceptable limit of microbial contamination during 21 days of storage and showing that the addition of sun mushroom powder was not able to develop efficient antimicrobial activity. Similarly, it was not possible to observe lower values (p>0.05) for the count of psychrotrophic microorganisms (Table 5 ) in the treatments with added sun mushroom powder compared to control. Until the 21st day of storage, the counts for this microorganism remained less than 6.0 log CFU/g, which was within the acceptable limit of bacterial contamination (Terra, 1998) .
Considering the microbiological standards established by Brazilian legislation regarding pork sausage (Brasil, 2001) , the mean values of the count for Staphylococcus coagulase positive, total coliforms at 35 ºC, coliforms at 45 ºC coliforms, Salmonella spp. and sulphite-reducing Clostridium in the samples studied in the early period of storage at 4 ºC met these standards. 
